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This research is aimed to investigate the behavior of three dimensional 
steel building due to lateral loading. There are four models being developed to 
achieve the objectives of this study. The main objective of this study is to 
determine the sway or non sway criteria of the three dimensional seven storey 
model by using S-FRAME and S-STEEL software under Computer Services 
Consultants (CSC) UK Limited. S-FRAME is used to analyses the structure of 
building while S-STEEL is used to design the structure of the building. From 
the study, the result shows that the criteria of sway and non sway are depend on 
the elastic critical load factor, λcr, of the frame. Due to notional horizontal force 
and vertical force applyed on the three dimensional braced frame structure, the 
deflected shape of the structure is very small. The lowest λcr value of the brace 
frame structure with pin connection is 6.3623 while the λcr value for the brace 
frame with fixed connection is 16. 975 which is 63 % more than the brace frame 
with pin connection. From that, it can be concluded that, the three dimensional 
seven storey brace frame structure with pin connection is classified as sway 
frame, while the three dimensional seven storey brace frame with fixed 
connection is classified as non sway frame. It again proves that S-FRAME and 
S-STEEL is a powerful design tools. User-friendly manual procedures are 








Kajian ini adalah bertujuan untuk mengkaji perilaku bangunan besi tiga 
dimensi menurut daya sisian. Empat model telah dikaji untuk mencapai 
objektif dalam kajian ini. Objektif kajian ini adalah untuk menentukan ciri-ciri 
yang menyebabkan kepesongan tiga dimensi sebuah bangunan yang bertingkat 
tujuh dengan mengunakan perisian S-FRAME dan S-STEEL yang milik 
Computer Services Consultants [CSC] (UK) Limited. S-FRAME adalah 
digunakan untuk tujuan analisi struktur bangunan, manakala, S-STEEL 
digunakan untuk mereka struktur bangunan. Dari kajian, keputusan telah 
membuktikan ciri-ciri pesongan untuk struktur bangunan adalah dipengaruhi 
oleh ‘elastic critical load factor’, λcr untuk rangka. Menurut kepada daya sisi dan 
daya daripada berat struktur, bangunan berdimensi tiga dengan brace struktur 
bingkai, pesongan bentuk struktur adalah sangat kecil. Angka λcr paling rendah 
untuk, struktur yang memiliki penyambungan pin. Hasil angka untuk λcr 
didapati dalam brace bingkai dengan penyambugan pin ialah 6.3623 dan λcr 
untuk penyambungan fixed ialah 16.975. Perbezaan angka λcr di antara 
penyambungan pin dan fixed adalah lebih kurang 63%. Dengan ini, bangunan 
besi yang berdimensi tiga dan bertingkat tujuh telah dinamakan sebagai ‘sway 
frame’. Manakala struktur berdimensi tiga, tujuh tingkat dengan mempunyai 
penyambungn fixed, adalah rangka struktur yang dinamakan ‘non sway’. Ini 
telah membuktikan S-FRAME dan S-STEEL adalah perisian yang berpengaruh. 
Manual prosedur mesra-pengunna dihasilkan seperti dinyatakan dalam 
Chapter 4.   
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Building structures can be presented in an orderly manner and 
comparative fashion according to forms; and structural behaviours. The building 
structural members can be classified from small to long span structures, from 
single-bay to multi-bay to high-rise structures, from rigid to flexible 
construction, and from skeleton to surface structures.  
 The basic structure components in an ordinary building superstructure 
are the node, the linear members of beam and columns, the surface elements of 
slabs and walls, and spatial element such as cores (Wolfgang, 1996). Low rise 
buildings range from one to three stories, medium rise buildings range from four 
to twelve stories high; high rise buildings is ranged from twelve to forty stories; 
and building  that have forty stories and above are classified as skyscraper 
(Talbot, 2005).  
In the past, expensive laboratory work and testing are carried out to 
understand the behaviour of the building; for example, carrying out the shaking 
table test to identify the seismic damage of 38-storey reinforced concrete 
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building. Due to the different types of building structures required by the 
architects and clients, the design engineers have difficulties designing using 
manual calculations especially for high rise and skyscraper building designs.  
Besides that, to obtain a sustainable design for building, the design 
engineer must be able to develop a structural system that will satisfy the 
established design criteria as efficiently and economically as possible, while 
fitting into the architectural layout. The structural system should have 
adequate reserve of strength against failure, adequate lateral stiffness, and an 
efficient performance during the service life of the building.  
Computer design software can be seen as the best alternative to solve the 
problems in design within a short span of time. It also helps the design engineer 
to provide a sustainable design of the building and fulfil the needs of client and 
architect. 
Consequently, the design engineer is also required to do the preliminary 
design. However, the design process often changes and it is very time consuming 
to perform recalculations. Hence, computer design software has been widely 
introduced through the industry and it provides design assistance for the design 
engineers.  
In line with the development of new technologies and increasing demand 
of building on limiting land use, high rise buildings become an alternative option 
for many inner cities such as Hong Kong and Singapore for redevelopment 
projects under current narratives of urban sustainability and globalisation 
(Yong, 2005).  
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Computer design software is used to overcome the challenges in 
designing high rise buildings. In present day, most high rise buildings uses steel 
structures either as a main structural frame or as a composite material. 
Examples of such construction include the Zhongguancun Financial Center 
Tower in Taiwan, the Taipei 101 in Taiwan, the Burj-al-Arab Hotel in Dubai, 
and the Petronas Twin Towers in Malaysia.  
       
Figure 1.1: Burj-al-Arab Hotel in Dubai 
 
Figure 1.2: Petronas Twin Towers in Malaysia 
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1.2 Significance of Study   
 The processes of analysis and design are very complicated and it involves 
repetition in design in order to get the appropriate results. In the construction 
industry, the design processes of building structures are much assisted by the 
use of design software, such as STAAD-PRO2002, ETABS, Prokon, Esteem and 
CSC Software. Manual calculations are impractical especially when it comes to 
superstructure design. Therefore, the use of software is most relevant not only 
because it gives reasonably results but it also saves much time in designing. 
For this study, the CSC software’s package, S-FRAME and S-STEEL 
software are introduced. S-FRAME software is capable to analyses 2D and 3D 
linear finite element analysis in a same simple input and output manner. It is 
integrated with automated steel design software, S-STEEL. 
A significant benefit of S-FRAME compared to the other general analyses 
packages on the markets is that software is Windows based and provides user 
friendly manual for the input and output of structural geometry, loading, 
analysis and results. Although the CSC software provides powerful analyses 
features coupled with an easy to use interface and efficient post-processing 
through CSC’s linked design software, precaution is needed during input of the 
design parameters to ensure that the results of  the design analysis is accurate. 
Should one of the design parameter have incorrect input; it will produce 
inaccurate final results and it will result in failure of the structure system. 
Therefore, verification is required for design and analysis results from CSC 
software using other design software such as Prokon or manual calculations. 
